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Increased epicardial adipose tissue (EAT) may be closely associated with the development of 
metabolic abnormalities. We investigated whether EAT predicts the incident metabolic 
syndrome in a community-based, middle-aged population. The study subjects were 
comprised of 354 adults (134 men and 220 women) aged 40 to 70 yr without metabolic 
syndrome. Baseline EAT thickness, measured by echocardiography, was compared between 
subjects who developed new-onset metabolic syndrome at follow-up survey and those 
who did not. After an average of 2.2 yr of follow-up, 32 men (23.9%) and 37 women 
(1 6. 8°/o) developed metabolic syndrome. Median EAT thickness at baseline was significantly 
higher in male subjects who developed metabolic syndrome than those who did not (1 .52 
mm vs 2.37 mm, P< 0.001). The highest quartile of EAT thickness ( > 2.55 mm) was 
associated with increased risk of progression to metabolic syndrome (Odds ratio [OR], 3.09; 
95% confidence interval [CI], 1 .11-8.66) after adjustment for age, smoking, alcohol 
intake, regular exercise, total energy intake, high sensitive C-reactive protein and 
homeostasis model assessment of insulin resistance in men. A significant association of EAT 
with incident metabolic syndrome was not seen in women (OR, 1 .25; 95% CI, 0.54-2.90). 
In conclusion, increased EAT thickness is an independent predictor for incident metabolic 
syndrome in men. 
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INTRODUCTION 

Metabolic syndrome is not a single disease but a conglomera- 
tion of risk factors for cardiovascular disease (CVD) including 
central obesity, elevated blood pressure, hypertriglyceridemia, 
low high-density lipoprotein (HDL) cholesterol, elevated fast- 
ing glucose, and insulin resistance. Subjects with metabolic 
syndrome are at increased risk for type 2 diabetes mellitus and 
cardiovascular disease (1). Korea has experienced a rapid in- 
crease in the prevalence of metabolic syndrome during the 
2000s, partly due to increasing adoption of a western lifestyle 
(2). Given the high prevalence of metabolic syndrome and its 
potential consequences, it is crucial to identify its predictors 
and mechanisms in longitudinal studies. 

It is well recognized that visceral adipose tissue (VAT) plays a 
major role in the development of metabolic syndrome (3). Mea- 
surement of waist circumference is widely used as an indicator 
and screening tool of VAT in population-based studies, but it 
does not distinguish between accumulations of VAT and sub- 



cutaneous abdominal fat. Imaging modalities, particularly 
computed tomography (CT) and magnetic resonance imaging 
(MRI), have been used to allow the accurate measurement of 
visceral and subcutaneous abdominal fat because they clearly 
distinguish VAT from other tissues (4). However, these imaging 
studies are expensive and are not suitable for routine clinical 
practice due to the risk of ionizing radiation exposure. 

Epicardial adipose tissue (EAT) thickness measured by echo- 
cardiography was proposed as a novel imaging indicator of VAT. 
It was well correlated with VAT assessed by MRI, which is the 
gold standard for measurements of VAT (5). Recent studies 
have suggested that increased EAT is positively associated with 
the risk of metabolic syndrome (5-7), but little is known about 
measurement of EAT by echocardiography as a predictor of 
metabolic syndrome in population based longitudinal studies. 

Thus, we studied the prospective association of EAT thick- 
ness measured by echocardiography with the risk of incident 
metabolic syndrome and its components in a community-based 
middle-aged population. We hypothesized that EAT thickness 
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measured by echocardiography would be a positive predictor 
of progression to metabolic syndrome. 

MATERIALS AND METHODS 
Study population 

We used data from the Korean Genome and Epidemiology Study 
on Atherosclerosis Risk of Rural Areas in the Korean General 
Population (KoGES-ARIRANG), a population-based prospec- 
tive cohort study, to assess the prevalence, incidence and risk 
factors for chronic degenerative disorders such as hyperten- 
sion, diabetes, osteoporosis, and cardiovascular disease (8-10). 
KoGES-ARIRANG invited adults aged 40-70 yr in rural areas of 
Wonju and Pyeongchang in Korea where demographic shifts 
are infrequent and high long-term follow up rates are expected. 

The baseline survey, carried out from November 2005 to Jan- 
uary 2008, included 5,178 adults (2,127 men and 3,051 women) 
aged 40 to 70 yr. All study subjects were invited to the first fol- 
low-up survey (April 2008 to January 2011) and 3,862 (74.6%) 
attended. Then we excluded 2,548 subjects who did not carry 
out baseline echocardiography, 696 subjects who were unavail- 
able for EAT measurements and 264 subjects with metabolic 
syndrome at baseline. The final sample size for the present anal- 
ysis was 354 subjects (134 men and 220 women) (Fig. 1). 

Data collection 

At baseline and follow-up examinations, study subjects com- 
pleted a standardized medical history and lifestyle question- 
naire and underwent a comprehensive health examination ac- 
cording to standard procedures. Body weight and height were 
measured while subjects wore light indoor clothing without 



5,178 individuals of KoGES-ARIRANG 



Attended the first follow-up survey 



3,862 individuals (74.6% of KoGES-ARIRANG subjects) 



No echocardiography at baseline (n=2,548) 
Metabolic syndrome at baseline (n=264) 
Blurred image for precise EAT measurement (n=696) 
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Men = 134 /Women = 220 



Men 

New-onset metabolic syndrome: 
32 (23.9%) 



Women 

New-onset metabolic syndrome: 
37 (16.8%) 



Fig. 1 . Study population. 



shoes. Waist circumference was measured in a horizontal plane, 
midway between the inferior margin of the ribs and the superi- 
or border of the iliac crest using a tape measure (SECA-200, SE- 
CA, Hamburg, Germany). Systolic blood pressure (SBP) and di- 
astolic blood pressure (DBP) were measured twice in the right 
arm using a standard mercury sphygmomanometer (Bauma- 
nometer, Copiague, NY, USA). The mean of the two blood pres- 
sure readings was used for data analyses. Smoking status was 
determined based on self-report. Nonsmokers were defined as 
subjects who had smoked < 100 cigarettes (< 5 packs of ciga- 
rettes) in their lifetime. Current smokers were defined as sub- 
jects who had smoked > 100 cigarettes in their lifetime and who 
reported that they were "currently smoking" in the question- 
naire. Former smokers were defined as subjects who had smok- 
ed > 100 cigarettes in their lifetime but who reported that they 
"abstain from smoking" in the questionnaire. Subjects who an- 
swered yes to the question: 'Do you perform physical exercise 
regularly enough to make you sweat?' were assigned to the reg- 
ular exercise group. Dietary data were obtained using a semi- 
quantitative food-frequency questionnaire that listed 103 food 
items generally consumed by Koreans (11). Postmenopausal 
women were defined as subjects who had not experienced a 
menstrual period for at least 12 continuous months (12). 

A venous blood sample was drawn from study participants 
after fasting for > 12 hr or overnight. Fasting glucose was deter- 
mined by a glucose oxidase-based assay. Fasting insulin was 
determined by a double-antibody radioimmunoassay (Biosour- 
ce, Nivelles, Belgium). Serum concentrations of low-density li- 
poprotein (LDL) cholesterol, high-density lipoprotein choles- 
terol (HDL) and triglycerides (TG) were determined by enzy- 
matic methods (Advia 1650, Siemens, Tarrytown, NY, USA). High 
sensitivity C-reactive protein (hsCRP) was measured by the Den- 
ka Seiken (Tokyo, Japan) assay, which has been validated against 
the Dade Behring method. Insulin resistance was calculated 
using the homeostasis model assessment of insulin resistance 
(HOMA-IR) model, following the formula: fasting insulin (uIU/ 
mL) x fasting plasma glucose (mg/dL)/405. 

Measurement of epieardial adipose tissue (EAT) thickness 

EAT thickness was measured using echocardiography (Vivid-7; 
General Electric-Vingmed, Milwaukee, WI, USA) and it was de- 
fined as an echo-lucent area between the free wall of the right 
ventricle and the visceral layer of the pericardium at end-systo- 
le in the parasternal long axis view. As proposed by Iacobellis et 
al. (13), EAT thickness was measured on the free wall of the 
right ventricle to be perpendicular to the aortic annulus at end- 
systole. Each echocardiography image was reviewed by two ex- 
perienced readers who were blind to the clinical data of study 
subjects. The inter-reader correlation coefficient was 0.992 (95% 
confidence interval [CI], 0.970-0.998), indicating very low inter- 
reader variability. 
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Endpoint definition 

The study endpoint is the development of metabolic syndrome 
at the follow-up visit, defined following the harmonized defini- 
tion for metabolic syndrome (14) as the presence of at least three 
of the following criteria: 1) Abdominal obesity, defined as a waist 
circumference > 90 cm for men or > 85 cm for women (follow- 
ing Korean-specific cutoffs for abdominal obesity defined by 
the Korean Society of Obesity) (15); 2) Hypertriglyceridemia, 
defined as a serum TG concentration > 150 mg/dL (1.69 mM/ 
L); 3) Low HDL cholesterol, defined as a serum HDL cholesterol 
concentration < 40 mg/dL (1.04 mM/L) for men or < 50 mg/ 
dL (1.29 mM/L) for women; 4) High blood pressure, defined as 
a SBP > 130 mmHg or a DBP > 85 mmHg, or treatment with 
antihypertensive agents; 5) High fasting glucose, defined as a 
fasting serum glucose > 100 mg/dL or previously diagnosed 
type 2 diabetes. 

Statistical analysis 

The data are expressed as means, medians, and frequencies. 
Either a t-test or Mann- Whitney U test was conducted to com- 
pare characteristics of subjects with and without metabolic syn- 
drome for continuous variables. And the chi-square test was 
performed for categorical variables. All analyses were performed 
separately by gender. Multivariate logistic regression was used 
to assess the independent association of baseline epicardial ad- 
ipose tissue with incident metabolic syndrome. We adjusted for 
age (continuous variable), body mass index (continuous vari- 
able), smoking (current/former/never), regular exercise (yes/ 
no), daily energy intake (continuous variable), hsCRP (continu- 



ous variable), and HOMA-IR (continuous variable). The upper 
quartiles of EAT were used as cut-off points (2.55 mm for men, 
2.35 mm for women) of increased EAT. The results of logistic re- 
gression were expressed as odds ratios (ORs) with 95% confi- 
dence intervals (CI). Area under the receiver operating charac- 
teristic (ROC) curve analyses were used to describe the ability 
of epicardial adipose tissue to predict new-onset metabolic syn- 
drome in men and women. All analyses were performed using 
SAS version 9.2 (SAS Institute, Cary, NC, USA). P values of < 0.05 
were considered to be statistically significant. 

Ethic statement 

The study protocol was approved by the institutional review 
board of Wonju Severance Christian Hospital (Approval number: 
CR105024). All participants provided written informed consent. 

RESULTS 

After an average of 2.2 yr of follow-up, 32 men (23.9%) and 37 
women (16.8%) developed metabolic syndrome. Baseline body 
mass index, waist circumference, systolic blood pressure, dia- 
stolic blood pressure and the number of metabolic syndrome 
components were significantly higher in men and women who 
developed metabolic syndrome compared to those who did 
not (Table 1). There were no significant differences in LDL cho- 
lesterol, triglyceride, current smoking, and regular exercise be- 
tween the groups. Median EAT thickness at baseline were sig- 
nificantly higher in men who developed metabolic syndrome 
compared to men who did not (1.52 vs 2.37 mm, P < 0.001), but 



Table 1. Baseline characteristics by incidence of metabolic syndrome 



Parameters 




Men 






Women 




No MetS 


MetS 


P 


No MetS 


MetS 


P 


No. (%) 


102 


32 




183 


37 




Age (yr) 


57.7 + 8.1 


55.7 + 8.9 


0.226 


52.0 ± 7.5 


55.6 ± 8.0 


0.009 


Body mass index (kg/m 2 ) 


23.1 + 2.7 


25.3 + 2.1 


< 0.001 


23.0 + 2.8 


25.5 + 2.8 


< 0.001 


Waist circumference (cm) 


83.8 + 7.3 


88.0 + 6.0 


0.004 


76.2 ± 7.9 


82.3 ± 7.0 


< 0.001 


Systolic BP (mmHg) 


130.7 + 16.0 


139.9 + 17.9 


0.006 


124.2 ± 16.8 


135.1 + 19.3 


< 0.001 


Diastolic BP (mmHg) 


80.7 + 10.6 


87.0 + 11.4 


0.005 


76.1 ± 10.9 


80.6 + 10.6 


0.022 


Fasting glucose (mg/dt) 


94.8 + 18.8 


99.1 + 14.6 


0.230 


88.4 ± 6.3 


90.0 + 7.0 


0.182 


HDL-cholesterol (mg/dL) 


48.1 +11.2 


42.9 ± 9.4 


0.019 


49.8 ± 10.2 


46.6 + 8.6 


0.079 


LDL-cholesterol (mg/dL) 


111.7 + 31.8 


115.8 + 26.6 


0.510 


116.7 + 32.8 


119.1 ± 25.9 


0.671 


Triglyceride (mg/dL) 


119.7 + 65.9 


140.8 ± 65.8 


0.117 


95.5 ± 40.5 


117.3 ± 85.3 


0.135 


EAT (mm) 


1.52 (0.76,2.55) 


2.37 (1.71,3.06) 


< 0.001 


1.51 (0.67,2.32) 


1.73 (0.71,2.94) 


0.186 


HOMA-IR (units) 


1.58 (1.21,2.16) 


2.01 (1.57,2.48) 


0.001* 


1.72 (1.33,2.21) 


1.73 (1 .44,2.17) 


0.730* 


hs-CRP (mg/L) 


0.66 (0.38,1.70) 


0.79 (0.44,1.48) 


0.998* 


0.46 (0.25, 0.98) 


0.60 (0.38,1.76) 


0.013* 


Daily energy intake (kcal/day) 


1,745.5 (1,410.0,2,112.0) 


1,660.0 (1,440.5,1,968.5) 


0.341* 


1 ,638.0 (1 ,398.0, 2031 .0) 1 ,620.0 (1 ,375.0, 2000.0) 


0.899* 


Fat % of total energy intake (%) 


11.0(9.0,16.0) 


11.5(9.0,16.0) 


0.917* 


12.0(8.0,16.0) 


12.0(9.0,14.0) 


0.984* 


No. of MetS components 


1 .3 (0.7) 


1 .8 (0.4) 


< 0.001 


1.1 (0.7) 


1 .7 (0.5) 


< 0.001 


Current smoker, No. (%) 


32 (31 .4) 


11 (34.4) 


0.920 


3(1.6) 


0 (0.0) 


1.000 


Regular exercise, No. (%) 


43 (42.2) 


17(53.1) 


0.376 


62 (33.9) 


16(43.2) 


0.370 



Values are expressed as mean ± SD, number (%), or median (25th, 75th percentiles). *Pvalue from Mann-Whitney U test. MetS, metabolic syndrome; BP, blood pressure; HDL, 
high density lipoprotein; LDL, low density lipoprotein; EAT, Epicardial Adipose Tissue; HOMA-IR, Homeostasis Model Assessment of Insulin Resistance; hs-CRP, high sensitivity-C 
reactive protein. 
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Table 2. Odds ratios for new-onset metabolic syndrome and its components according to baseline epieardial adipose tissue in men and women 



Gender 






Odds ratio* (95% Confidence Interval) 






Metabolic syndrome 


High waist circumference 


Low HDL cholesterol 


High TG 


High blood pressure 


High blood glucose 


All" 

Epieardial adipose tissue 
< 2.47 mm 
> 2.47 mm 


1.00 
1.99 (1.05-3.74) 


1.00 
2.13 (1.08-4.22) 


1 .00 
0.69 (0.40-1.17) 


1 .00 

1 .26 (0.67-2.39) 


1.00 
1.64 (0.95-2.83) 


1.00 
1.13 (0.56-2.27) 


Men 

Epieardial adipose tissue 
< 2.55 mm 
> 2.55 mm 


1.00 
3.09 (1.11-8.66) 


1.00 
2.34 (0.68-8.03) 


1.00 
0.88 (0.35-2.20) 


1.00 
2.18(0.83-5.74) 


1.00 
2.42 (0.93-6.26) 


1.00 
1.10(0.44-2.79) 


Women 
Epieardial adipose tissue 
< 2.35 mm 
> 2.35 mm 


1.00 
1.25(0.54-2.90) 


1.00 
2.08 (0.92-4.72) 


1.00 
0.66(0.34-1.31) 


1.00 
0.72 (0.28-1 .85) 


1.00 
1.06 (0.52-2.17) 


1.00 
1 .00 (0.33-3.04) 



*Adjusted for age, baseline body mass index, smoking, regular exercise, daily energy intake, hsCRP, HOMA-IR. 




Fig. 2. ROC curves for predicting new-onset metabolic syndrome by EAT. (A) Men. (B) Women. 



notin women (1.51 vs 1.73 mm, P = 0.186). 

In multivariate adjusted models (Table 2), the risk of incident 
metabolic syndrome increased in subjects with the highest quar- 
tile of EAT thickness (> 2.47 mm), compared to those in the 
three lower quartiles (OR, 1.99; 95% CI, 1.05-3.74). The corre- 
sponding ORs (95% CIs) for developing high waist circumfer- 
ence, low HDL cholesterol, high TG, high blood pressure, high 
blood glucose were 2.13 (1.08-4.22), 0.69 (0.40-1.17), 1.26 (0.67- 
2.39), 1.64 (0.95-2.83), and 1.13 (0.56-2.27), respectively. 

When analyses were performed separately by gender, the OR 
for incident metabolic syndrome comparing men with the high- 
est quartile of EAT thickness to others (EAT thickness > 2.55 
mm vs < 2.55 mm) was 3.09 (95% CI, 1 . 1 1 -8.66). The correspond- 
ing ORs (95% CIs) for developing high waist circumference, low 
HDL cholesterol, high triglycerides, high blood pressure, and 
high blood glucose were 2.34 (0.68-8.03), 0.88 (0.35-2.20), 2.18 



(0.83-5.74), 2.42 (0.93-6.26), and 1.10 (0.44-2.79), respectively. 
When comparing men in the highest quartile to those in the 
lowest quartile of EAT thickness, the OR for incident metabolic 
syndrome was 8.96 (95% CI, 1 .70-47. 1 1) (Supplementary Table 1). 

The OR for developing metabolic syndrome comparing wom- 
en in the highest quartile of EAT thickness to those in the three 
lower quartiles (EAT thickness > 2.35 mm vs < 2.35 mm) was 
1.25 (95% CI, 0.54-2.90). No significant relationships were found 
in predicting the development of each component of metabolic 
syndrome in women. When comparing women in the highest 
quartile to those in the lowest quartile of EAT thickness, the OR 
for incident metabolic syndrome was 1.23 (95% CI, 0.42-3.57) 
(Supplementary Table 1). 

The areas under the ROC curve to predict incident metabolic 
syndrome using EAT thickness results were 0.706 (95% CI, 0.602- 
0.810) in men and 0.567 (95% CI, 0.470-0.664) in women (Fig. 
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2). We estimated that the best cut-off value for the EAT thick- 
ness to predict incident metabolic syndrome was 1.95 mm for 
men and 1.69 mm for women. 

DISCUSSION 

In this prospective cohort study in an Asian population, EAT 
thickness measured by echocardiography was a predictor of in- 
cident metabolic syndrome in men, but not in women. A recent 
meta-analysis showed a significant relationship between EAT 
and metabolic syndrome (16); however, the role of EAT in pre- 
dicting incident metabolic syndrome has not been evaluated in 
a prospective longitudinal study. To our knowledge, the present 
study is the first prospective study to demonstrate that the in- 
creased EAT thickness measured by echocardiography is an in- 
dependent predictor of incident metabolic syndrome in men. 

Visceral adiposity is one of the key mechanisms in develop- 
ment of metabolic syndrome. Although waist circumference is 
a convenient method for estimation of visceral adiposity, it is 
limited by the inability to distinguish visceral fat from abdomi- 
nal subcutaneous fat. A previous study has demonstrated that 
echocardiographic EAT thickness is a better indicator of viscer- 
al adiposity than measuring waist circumference (6). Further- 
more, the measurement of echocardiographic EAT is more 
convenient than other imaging modalities such as CT or MRI. 
Thus, the echocardiographic measurement of EAT could be 
considered a useful tool for prediction of visceral adiposity. 

EAT is true visceral fat which originates from brown adipose 
tissue during embryogenesis. It surrounds the myocardium 
and is not divided by fascia (17). EAT is also an active endocri- 
nometabolic organ, not just a form of fat storage. It has been 
found to produce several bioactive molecules that indicate in- 
sulin resistance and systemic inflammation (17-19). Previous 
cross-sectional studies show that increased EAT thickness mea- 
sured by echocardiography is also associated with insulin resis- 
tance (20) and obesity (5-7). Weight reduction in obesity is also 
associated with decreased EAT thickness (21, 22). These prop- 
erties of EAT could partly explain why increased EAT thickness 
is related to increased prevalence and incidence of metabolic 
syndrome in men. 

In the present study, increased EAT thickness was significant- 
ly associated with incident metabolic syndrome in men, but 
not in women. Although we could not establish a clear reason 
for this gender difference, we suggest several plausible explana- 
tions. First, we need to note that high EAT thickness is highly 
predictive of high waist circumference, high TG and high blood 
pressure in men (OR > 2.00), but high EAT thickness is only pre- 
dictive of high waist circumference in women, even though these 
related ORs are not statistically significant. This difference of 
impact of the EAT may explain gender differences in the inci- 
dence of metabolic syndrome. Second, menopausal status could 



influence the gender difference. The prevalence of metabolic 
syndrome increases significantly with menopause in women. 
Estrogen deficiency is believed to be one of the culprits for this 
phenomenon (23). Estrogen deficiency may play a more influ- 
ential role than EAT in the development of metabolic syndrome 
in postmenopausal women. The confounding effect of post- 
menopausal state may be one explanation for gender differ- 
ences. Additionally, we performed an analysis in pre-meno- 
pausal and postmenopausal women separately. The associa- 
tion between EAT thickness and incident metabolic syndrome 
was insignificant in both groups (Supplementary Table 2). How- 
ever, the majority of female subjects in the present study were 
postmenopausal (59.6% at baseline and 69.0% at follow-up) and 
the mean age of female subjects was above 52 yr. Many pre-me- 
nopausal women in the present study may be transitioning to 
menopause. In a recent cross-sectional study targeting 650 re- 
cently menopausal women, high EAT volume measured by 
computed tomography did not show a significant relationship 
to serum insulin level in age, race-ethnicity, education level, 
smoking status, alcohol intake, physical activity level, study cen- 
ter and BMI. The study used an adjusted model that is similar 
to the model used in the present study (24). Further research is 
required to understand gender differences in the association 
between EAT and metabolic syndrome. 

Besides EAT, many factors could influence the development 
of metabolic syndrome such as smoking, diet, exercise or medi- 
cations with antihypertensive or lipid-lowering properties. In 
the present study, 52 (14.7%) and 17 (4.8%) of the total study 
population was taking antihypertensive medication and lipid- 
lowering medication, respectively. After exclusion of subjects 
with antihypertensive or lipid-lowering medication, a similar 
association was observed between EAT thickness and the risk 
of incident metabolic syndrome (Supplementary Table 3). 

Several limitations of our study should also be considered. 
First, we were able to use echocardiography to measure EAT 
thickness in only 24% of the whole study cohort. However, we 
found similar baseline demographics between study subjects 
and the rest of cohort population (Supplementary Table 4). Se- 
cond, the study included only middle-aged and elderly Koreans 
living in rural areas, and may not be generalizable to other pop- 
ulations, such as urban residents, groups with different lifestyles 
or different incidence trends of metabolic syndrome, and those 
who are younger. However, EAT thickness measured by echo- 
cardiography has been associated with metabolic risk factors in 
other races and ethnicities, suggesting that the associations that 
we observed also could apply to other settings. Third, the fol- 
low-up period was only 2.2 yr, and we could not evaluate wheth- 
er the association between EAT thickness and incident meta- 
bolic syndrome would persist in longer follow-up. 

In conclusion, increased EAT thickness is an independent 
predictor for incident metabolic syndrome in men. Echocar- 
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diographic EAT thickness may be a novel imaging tool to pre- 
dict the development of metabolic syndrome. 
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